Objectives: To determine whether there are any racial differences in the prenatal care of mothers delivering very low birth weight infants (VLBW).
Introduction
Previously, large racial differences in the delivery of health care have been documented in the United States encompassing numerous specialties and diagnoses. Black subjects have been shown to be less likely to receive surgery for lung cancer, 1 treatment for depression, 2 emergency department analgesia, 3 influenza vaccine, 4 and referral for cardiac catheterization 5 compared to other racial groups. In the United States there are large racial differences in maternal-child health outcomes. The infant mortality rate (IMR) in 2001 was 5.7/1000 for whites and 14.0/1000 for black infants, while 11% of white births were preterm compared to 17.5% of black births. 6 The perinatal mortality rate has also been shown to be two-fold greater in black mothers compared to white mothers. 7 Black mothers are more likely to die following childbirth compared to white mothers. 8, 9 In this study, we sought to determine if there are differences in prenatal care between black and white mothers delivering very low birth weight infants (VLBW).
We studied racial differences in the use of antenatal steroids which have been proven to reduce respiratory distress syndrome, intraventricular hemorrhage, and mortality in VLBWs. [10] [11] [12] We also studied differences in the rate of cesarean section and tocolytic use between black and white mothers. Unlike steroids, the benefits of tocolysis and cesarean delivery on the outcomes of preterm infants have been debated. Our goal, however, was to determine if black and white mothers received different care, rather than one group receiving 'better' care. Cesarean delivery and tocolysis were chosen as outcomes because they are easily measured and there have been few alternative interventions which have been shown to be effective in preventing premature birth. 13 Based on other examples of racial differences in care in our health care system, we hypothesized that white mothers would be more likely to receive steroids, tocolytics, and cesarean delivery compared to black mothers.
Methods
The study consisted of a cohort study of infants with birth weights less than 1500 g born between July 1, 1993 and July 1, 2002. All infants were cared for at Christiana Hospital which is a regional Level III perinatal center caring for inborn (90%) and outborn infants. Neonatal care within the State of Delaware is regionalized. No other nursery in the State offers intensive care for preterm infants with birth weights <1250 g. A small number of infants with birth weights between 1250 and 1500 g are cared for at two other level II sites within the State. The study was approved by the Investigational Review Board for Christiana Care Health Services.
Data were retrospectively obtained from a computerized database maintained on all Neonatal Intensive Care Unit admissions. Data are prospectively entered into the database from the medical record by trained reviewers. As part of this review, maternal race was abstracted from the obstetrical record. Only white and black mothers were analyzed. Hispanic mothers and mothers of other races were not analyzed due to their relatively small numbers. For the purposes of this study, paternal race was not considered. Gestational age was based on the best obstetrical estimate based on either early ultrasound or last menstrual period. Modified Ballard exam was used only if an obstetrical estimate was not available. 14 Clinical chorioamnionitis was diagnosed by the attending obstetrician based on the presence of maternal fever, uterine tenderness, and/or foul smelling amniotic fluid. Prolonged rupture of membranes was considered greater than 24 h in duration. Fetal presentation was classified as vertex, transverse, or breech. Mothers were classified as having pre-eclampsia if given the diagnosis by the attending obstetrician per ACOG guidelines at the time of delivery. Any pregnancy with two or more fetuses was considered multiplegestation. For the purposes of this study mothers were classified as having a history of infertility if their infants were conceived by in vitro fertilization or if they received ovulationenhancing medications such as clomiphene-citrate. Mothers were classified as receiving steroids if they received any dose of antenatal steroids. Mothers were classified as receiving tocolysis if they received any of the following medications: magnesium sulfate, indomethacin, sulindac, or terbutaline. The diagnosis of preterm labor was based on the diagnosis of the attending obstetrician. Mothers with pre-eclampsia who received magnesium sulfate were only classified as receiving tocolysis if they also had a diagnosis of preterm labor. Maternal neighborhood income data were derived by obtaining the median household income in 1999 based on maternal zip code. Zip code has been previously used in the medical literature to estimate income. 15, 16 Statistical analysis included both univariate and multivariate analyses. Univariate analysis included one-way ANOVA for continuous data, which were normally distributed, Mann-Whitney U test for ordinal data or continuous data which were not normally distributed, and w 2 for dichotomous variables. Multivariate analysis included logistic regression. Any variable with a P<0.15 on univariate analysis, or variables which are known to be confounding with the dependent variables were entered into the models. If independent variables were collinear a decision was made to remove one variable from the final models. This occurred with the variables of chorioamnionitis and prolonged rupture of membranes and multiple gestation births and infertility. The models were therefore run using clinical chorioamnionitis and multiple gestation and not prolonged rupture of membranes or infertility. For the purposes of the multivariate models neighborhood income data were broken into quartiles. A P<0.05 was considered significant. All data are expressed as mean±standard deviation unless otherwise noted. All statistical calculations were performed using Statistica v7.0 (Tulsa, OK, USA).
Results

Univariate analysis
During the 9-year study period, 1414 VLBW infants were cared for at Christiana Hospital. Of the 1414 infants, 707 (53%) were white, 527 (39%) black, 77 (6%) Hispanic, and 25 (2%) were other races. Maternal race was not documented in 78 infants and these infants were therefore not included in the analysis. The final study sample consisted of the 1234 infants who were born to white or black mothers. There were no differences in racial mixture of patients over time in the study cohort (P ¼ 0.60). The rate of cesarean delivery in the study population peaked at 65% in 2001 but did not change significantly during the study period (P ¼ 0.30). The use of steroids increased over time from 42% in 1994 to 72% in 2001 (P ¼ 0.01). The use of tocolytic medications decreased over time from a peak of 54% in 1994 to a low of 36% in 2001 (P ¼ 0.01).
There were no differences in birth weight, gestational age, percentage of inborn infants or infant gender, between the black and the white mothers (Table 1) . White mothers were older and had a higher median neighborhood income compared to the black mothers.
White mothers were more likely to have multiple births, history of infertility, and infants in the breech position compared to black mothers (Table 2) . Black mothers were more likely to have chorioamnionitis, and prolonged rupture of membranes compared to white mothers. There were no differences in the rate of preeclampsia, premature labor, diabetes, oligohydramnios, antibiotics or intrauterine growth restriction between groups.
White mothers were more likely to have received antenatal steroids, deliver by cesarean section, and receive tocolytic medications compared to black mothers (Table 3) . 
Multivariate analyses
After controlling for multiple potential confounding variables, white mothers had increased odds of cesarean delivery, receiving antenatal steroids, and tocolysis compared to black mothers ( Table 3) . The full models controlled for gestational age, multiple gestation pregnancies, preterm labor, clinical chorioamnionitis, maternal age, income, year of birth, and presentation. Although gestational age was not different between groups, it was added to the models because of its importance in relationship to the dependent variables. In order to decrease the possibility that differences between groups resulted from differences in confounding medical conditions rather than race, we also ran the models after eliminating specific maternal diagnoses (Table 4 ). In addition to the full models, five models were created after removing specific independent variables. This series of analyses are outlined in Table 4 and included: (1) only mothers with the diagnosis of preterm labor, (2) excluding mothers with pre-eclampsia, (3) excluding mothers with chorioamnionitis, (4) excluding multiple births. In addition, (5) we ran the model for cesarean delivery including only those infants in the vertex position. White mothers were at increased odds of cesarean delivery, receiving steroids, and tocolysis when compared to black mothers with three exceptions, which all approached but did not reach statistical significance. When including only mothers with preterm labor there was no difference in the odds of cesarean delivery between black and white mothers. When excluding multiple gestation pregnancies there were no differences in the odds of white or black mothers receiving steroids or cesarean delivery.
Discussion
The main finding of our investigation is that white mothers, delivering VLBW infants, are more likely to receive antenatal steroids, tocolysis, and deliver by cesarean section compared to black mothers. Racial differences in the delivery of health care have been documented previously in conditions ranging from pain management to surgical resection of lung cancer.
1,3 Despite substantial racial difference in both maternal and IMRs, racial differences in the prenatal care of mothers delivering VLBWs has not been extensively explored.
Our data show a magnitude of effect similar to previous studies exploring racial differences in prenatal care. 17, 18 Brett et al.
17
showed racial differences in the use of prenatal care technologies including ultrasound, amniocentesis, and tocolysis between black and white mothers. Brett et al. 17 showed that black mothers with multiple gestation pregnancies are less likely to receive tocolysis (adjusted relative risk 0.69) compared to white mothers. Our data are also consistent with the research of Kogan et al. 18 who showed that white mothers are more likely not to receive prenatal advice Data are expressed as odd (95% confidence) of white mothers compared to black mothers. a Unless listed as excluded in the models, the models controlled for gestational age, multiple gestation pregnancies, clinical chorioamnionitis, preterm labor, maternal age, year of birth, income, and presentation.
on smoking cessation (adjusted odds ratio 1.2) and ethanol cessation (adjusted odds ratio 1.29) compared to black mothers. From our data we cannot determine whether racial differences in the prenatal care of mothers delivering preterm infants in any way leads to disparate outcomes. Preterm birth, however, remains one of the major risk factor for infant mortality. Although our investigation did not look at racial differences in mortality, the racial differences in perinatal care between black and white mothers may have potential clinical significance. Specifically, antenatal steroids were chosen for investigation because of their proven benefits on neonatal outcome. Antenatal steroids have been shown to reduce many of the morbidities associated with preterm birth including: respiratory distress syndrome, and intraventricular hemorrhage. [10] [11] [12] Although the benefits of cesarean delivery of preterm infants and tocolysis have been questioned, these variables were chosen for investigation because of ease measurement as our aim was to look at differences in care. Cesarean delivery and receipt of tocolytic medications may reflect 'attentiveness to the patient' rather than quality of care. Some studies have, however, associated cesarean delivery with improved outcome in preterm infants, while other studies have not. 19, 20 Short-term tocolysis has been shown to be effective in delaying delivery 21 and has been advocated in treating acute preterm labor. 22 Tocolysis has been advocated in order to allow transfer to a tertiary care center and allow for the administration of corticosteroids. 23 Our study did not investigate the many important neonatal outcomes which may be affected by prenatal care including death, the presence of sonographic brain injury, chronic lung disease, necrotizing enterocolitis and longterm developmental outcome. Further studies on large populations would be required in order to determine how the racial disparity in perinatal care of VLBWs affects neonatal outcome.
The causes for racial differences in the delivery of health care to mothers delivering VLBW infants are likely to be multifactorial. Our study is useful as a starting point to generate hypotheses as to why racial differences exist between black and white mothers delivering VLBW infants. We speculate that one factor contributing to black mothers receiving steroids less frequently may be subconscious bias. For example, it is known that black infants are less likely to develop respiratory distress syndrome compared to white infants. 24, 25 This epidemiologic factor may influence obstetrician's management decisions when caring for high-risk pregnancies and explain why black mothers are less likely to receive steroids. Subconscious bias has been proposed as an important factor in racial differences demonstrated in adult cardiac catheterization. 5 Our study has a number of important limitations. The data are from a single center in a small region. Our data may therefore not be generalizable to other populations. Although we were able to control for neighborhood income as well as other variables, there may be other differences, such as individual income, previous cesarean delivery, maternal education, insurance coverage, quality of prenatal care, race of health care providers, the type of obstetrical practice or other demographics, between black and white mothers that we were unable to control for. There were many medical differences between groups, which we controlled for such as chorioamnionitis. However, there may be other medical conditions such as bacterial vaginosis, the degree of cervical dilation at the time of presentation, past preterm births, or the latency period of mothers with rupture of membranes that differed between groups. In order to further account for some of these potential differences and reduce the possibility of confounding, we ran our multivariate models after eliminating select maternal diagnoses in order to decrease some potential confounding differences between groups. This set of subanalyses should be interpreted cautiously as they included a smaller subset of patients compared to the overall study sample. Despite these limitations, the racial differences in care remained, with few exceptions, after these further analyses and are consistent with other examples of racial disparity within the health care system.
In summary, our data show that there is an association between black maternal race and a decreased use of cesarean delivery, tocolysis, and antenatal steroids. From our data we cannot determine the impact or the reasons behind these racial differences in the prenatal care of mothers delivering VLBW infants. Our data are important for potentially developing strategies to decrease the racial gap in care of mothers who are delivering high-risk premature infants.
